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(54)Titlc: SYNCHRONOUS INTEGRATED CIRCUIT DEVICE 



(57) Abstract 

A synchronous semiconductor circuit device is constituted so that the 
time margin of a sense amplifier section can be reduced correspondingly to 
the reduction of cycle time by determining the activating timing of a positive 
feedback sense amplifier by using a clock edge which is different from a 
clock edge used for determining timing required for data to be input to the 
sense amplifier after the data has been transmitted to a bit line from a word 
line. 
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•fe > X T > ^ s <k $ -a- 5 c i ^ # as i -r -5 o 



5 



wo 99/16078 



PCT/JP97/03327 



^ 5 ©^^ijjiiL^Jiif -^n. ^ o .y ^ it#©^ 2 ©»j <!:BfT^i^r5-rti 

(bBiT^^ra-rtifc^ 7 ©it^j{ri£^±»f '?>ns d .y ^ <t^©^ 2 © 
it^jt§f^i^^-rnfc0 8©i^»j{ca:t>T«ft»n5o 

0 1 li^^BJir J: S -fe > XT >^©«1^^b^ ^ = V ^E!o 0 2 
SRAM ©ya«yi5'@o @ 3 li«£*©?S^<b^ ^ 
^ >^0o @4(iiE^iSa-lr^':^r>:^©iaK0o SSti 

25 |gB^©PJB®^«lslK©/ci6©^D«>'^l^^®l^®^'<^''^^®° 
(i;$:|6Ba©I^M^5gllli^®^*i>® ^ ° ^ |^)ai5IK©1fe©(el^^o ^ 
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1 mmmm sram ©^fe©ya.y^0o n 2it:^mM'^Mm{yfzi/> 

5 DRAM (D:$'-l' = y^Mo SI 3 (i*^BJ;S:igffi U/ci/ y:?' 

X DRAM (Dj&.(D^^ i y^^mo mi 4lt:^mm^mMbtzi/>i7ai-yi. 
DRAM ©flfaOi'^ 5 >^mo mi 5ii:^^m'^Mm{ytzi/>i^ni'X 
DRAM ©flb©^^ ^ >:r0o S 1 Qit:^^m^mmLfzi/>^ U'f-x 
DRAM ©fife©:?''!' $ Vi/SoS 1 7 li;*:|6Bg^ffi|,^/c^•y^4•©tp]Ke£g 
10 So 0 1 8(i Register-Latch (R/L)^'r"/©-> a -^XDRAM^ © 
fc^ffi^^^-Ti^'l' ^ >^^So 01 9 ti Register-Through (.m)^^-f.(D 

So 02 1 Ji SMD©ftMfi<I/j:iai^<&^1-7'a yi^m^ 2 211 SMD©§fe^ 
15 $nyiIiIK*^1-7'D y ^S 

£iT^ SRAM iZMmi^tzm^ommmo^ ^ i 'yi^^m HZ 

20 T^So #=fT{i-en-e'niS«ii^^u/ciQiK^aJ©{t^«E?ft0©i^^ST 

^ S o 

Address it/ m^i^^i)^ii>Z(0 / ^ M^lZXtl^tL^T KUXlt 
25 -^©mE^S^J^^xWord ia{l>€-'J-fe;l/©«7- K^©<t-^©mffi^S?^*. 

SACK {ic:©>^ •J(HI]^*^'ffit^TC^-5jE^iil3l!©•^r>x7>:?"©sml: 
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5 T*5^, A*$n/cTFl/Xlt^©^D«y^CLK©4^±*<«)^ 

-^©iit^i^JCffi*y-K{^lli:^Jt.^©Ui;^^i^^M C t^K-yi^^ 
CLK <f^;&<S:^±*<6I^^J A {l*jltS.^^';ialK©^SP*^'^®^* 

K^tLfcT Kl/X(C>l*01-a Word ^^i:-e»±lf ^oWord ^*^'i£^>±*< 
5 <!: ^ ni C J: 0 S tR ^ ti y t U -fe © -r - -fe > ^ 7- > •/ { ^ iiJ 
15 Mt. 014'© SA tii^i©y-K{C?»/Kj:«EE«*S^II*-rSo "T^.E^ 
^CCt-C©-i«©^^>Hi. CLK ©S:^±*<*)ltSiJ A t-h^0>9 

-e©m SACK l&^*<2:^±*^So ■r^i:^^t»-i^>:^7>^;(»^JS14^k^n 
UT SACK ©s:^Ji*<0-r^xi^^-fe>;^7>:/©?smk^^ 

25 S<fi::2><i:.**Mi^]-e(i>Bt^i A ^»?PiUTffilJ^Ufc SACK ©It^. 
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xm^Lfzmm b \ns m<fnt sack t> ins ii</j:^p 

t^CtiZtlir). C©x/<-r XT^^^PI^Om^T SACK ^#-i6l>C 

10 ^ * 'J lEli^oii'^{iy ^: 'J -tr;u©!l&*<^ < X < ©^ * >; ■fe;i/©4' 

'J 4?;u©l^it7'o-fex^. idf^J^^jrcc^D/c'iJ'MS/MIBS© 
"7 - > ^ ISj^-r -5 c: «»: PTife <i: ns: S o 

M^mm-r^o m2ii:^mm=^^m\^tz%n moi^yi^ a-f-x sram 

[e]J^©Jfifi£«?iJ^^L/ct>©X-*>^> p^^'J-iryUTP-r 2 0 O^T^-tx 
•Tio A0-A17liT KU'XA;^Jx /SS{ti/>i^ a i-x-tui; hm^Ati. 

20 ^Kti. i^mmm^timmm^. ck. /cKiir^^a^ :}'^t^A;fjs vref 

ti I/O-r >:J'-7x-l'Xffi©^?pmffiA;«3^^x ZQ (iffi:^^ > t°-:/> 
X©:/'D/5A^«g^. DQ0-DQ35{ix-:^©Aai:«JiS^T*>So 
TKl/X. /SS. /SWE. /SWExli. A*/<7 7 r ©^©^l^v^X^ 2 1 

25 ^;l/TWn(^> TK UXtiW-Add register 2 5{rUv?X:J'$tl^o # 
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2 6*^«^Row deocder 2 7 t li Column decoder 2 8 'NA:^^n^o 

wRc 2 9 \tm^ aj t^s t «ii^=yt^0^ o o ^^Jiait ^ la^-c- 

T K I. X© MUX A;^ ^ ^ EXNOR 01^ 3 2 (i A^I ^ tl/cT K 1/ X*<1lllel 

nti Match ^mt J: 0 i±i:^30 MUX 3 3 ^ ^-E- ^ ai:tj-r 

;So ^©'^> Dout register 3 4 {r{±i;b7=- i5'*n>o - 
(D-r-^*^ai:tl/<'y7r OB 3 5*^^>{^i:^$n?.o A*x- iJ' 14 D-in 
register 3 6*<!:*J0^ *A 3 0 irisX. «;>nSo 

Data Output ControKDOOIalK 3 7 (4lii:^3/<-y 7 r ©^-^ ^ > t:-^ 
>xM^$im-rSo CLK Ctrl 3 8{i^a«y^$lJ®Iil^T*»^*-«. DLL 
a .y i7$iJS|IllK(iC©4»{'A-^Tl>^o 

15 ford i^oA^-rmommmut^^^xmt^o^m'^m3X'^^t^o 

*^Blf,nTl^/Co t*>b. Vt^(Dlsmom\t lord^^lC^T»fSi:> 
25 (2) m 1 Omr^ Word ^©Slt>TO ^9 "t^J B ©^u-y^X-yf^ 
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oxt^mm^i^t^^ ^ommm^07.^y ^izj^^^mumtt^ 

(i SACK •tf£t>t>'i:>X7>-:f(Dmmt(D^^ I ^Vtm 1 om^X 

itrnm B ^mmtLx^^^oizML. msom^xitmm a ^mm 
o T *^ t> - ^ o ii ® Bf © ^ { c -t > X T > y ^ ± J f s c i { r S o 

^^tiTL^i^s 'f^<>( x<D^mzM.^r>tzMM<^-^>7.7>-:f<D^m 
IS: thBf {r @ ^ $ n /j: t ^ /c i6 jg /j: -fe > X 7 > ^f S c i # -5 o 
-r^fz}6{ZlimS^(D-7-i?>l^^i]n\\:^ZtiZt£:Bi!}<. ZtiiZJ:0 

■^>x7>-/i}imwjr?t^i^^^<m^-r^t^tnt^BiS,izti;So zn 
mizMii^i^mt2^omn(Dm^xi,?i^Bi^a(Dm^/^:m'p-tz tmi < , 

S4(C SRAM Tffit^t.nSJE^iS^0'fe>XT>>^©^<&^fo t*.y 
^ yf-* (HOS M13 Rlf M0S.M14) <^^^C^T 1 ffl©^^ >b"y hB 
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CDT.CDB(:^^^l/TC^€.ol^l^^C(iC©4'©10© Y T.^^j'f-OW ON 

Js(T{wC®ElK®irf^^lft«>«t-2>c SACM Low (Omt HOS HIO 
5 OFF UTfc^^ MOSMl. M2. M3 ON -r2»fc». C ©-fe >X7 tiJ 
^^^^ OUTK 0UT2 High l/K;Krnj:So ?k (C ;^ * 'J -fe ;U*^ © 

■f-^*< M0SM8. M0SB9 ©y- Y\^Kti^Mt. High 
#]© MOS m^\-i MOS M9) ON f MOS M9 ©V-Xi: Kl/^ >® 
^^MtriS^-l'-v^vxTtrJ:^ OUTl ®mii*-<'>U1STU> 0UT2 
10 <i:©Ktrm/J>n£«<iM*<T^So OUTl i 0UT2 ra©mfeM(i MOS M8. 

H0SH9 owv- h«ti©M*<ii:*^tniii:*<^i5<!::^^ < ^•^^o •^os h 

^yV7.^(D^m^\t\t VTH ©x/<^X{f^>-:>t{C#9:^7-fe7 
§</j:oT*^'^> SACM mffiifp^ESih-r^'i:^^*^ 

©{i^Wt*,S*<. * U ^T{iiilriif^T©)i?^l!i5i'^-^T' 

20 PLL (Phase Locked Loop) ElK. ^>5^^« SMD (Synchronous Mirror 

Delay ) m^m^m-x. mmtt^mi^^ m-^f^^^^^^^"^^ 

25 m^ii DLL [pli^;&ffll^yc^^©7'u^y^iI^rx•roMBtfa^*^^5'D.y 



12 



wo 99/16078 



PCT/JP97/a3327 



<&ttffiJt^S{CJt«!t- SCitCj;?), CLKl t'&.no^^ r>fz QLU -ti^m 

!7 CLK2 i7Uyi^ CLKl J; t>iins «i: dl ©ilMBf K^/h 

^(D'^(bm^\,Ut dl *<:^t<n»:;5o CC-C CLKl (D^tim 
10 SiJ{i CLK2 dl {rffi^-f :5^{±^^^•rii^Tl^S /utoS 1 

•y ^ <t^^# S C i nrtfe ch ^ „ 

dl i7u>ji7Xti CLK i^ny^ft^ CLK2 ©tittt^^-gt'T'So 

15 CLKl tT©jiS dl {i^<k-r;S*< CLKl i^^i^ CLK2 ^TOilMefF^ d2 
*-<-^{r{Sfcn^ CLK ctO^i d2 ©iiMe#F^^>fc'{t#-tMt^ CLK2 
t>n^Ci:*<2fiJ^o^l^fIiiS5CDIlIK0nSP^ P -y ^ CLK *^t>^iffiJt 

20 EI7&c;S8^±S5©lelK(::fol^TngP^□•y:57 CLK t»<ftffiJti^ 
25 {r^^fiJ^n«y ^;&^^,iiSBf^(i d3 - dl tU^o 

gi9T' DLL <£•ffil,^n^:t^ sRAMcD^j'-f ^ >i^m^sSimt^o m I om-c 
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(i DLL .SMD IIO^^P^ P v^©Bf^J*Nt,$>6N©{f oT-feyXTV:^^ 

1-^j:^^> -fe>x7>^^ffitt^bt-S SACK ©Sc-^i*^*)*^^-®^?^ 

D.y^'itt>±3&^03&^t. SACK ;()<fpn8o Li)^h-^-(i7jmmimi^(^ 

0 1 ©-f^lJfCJtiKUT^^J B *^^> Data ffl;tJ*T'©Bf FbI:^-^:^ < So iEfw 

mx.(igii©^?»Jii DLL ^0m^^m^^^^tizx^zox.^.^w-o ^ 

01 0{i Double Data Rate (DDR) ^ Echo Clock (D^B^^^ SRAM {C 
:*:|6B^*jifflt/;:ii-&©llifi0>J^^"ro DDR <!:li^ n y A;^3©iz:t»-li 
<i:Sr^T*<*)©*<^'?-*tT'©^y^'^ Data ^mtsT^. 't^S.t>'^T 
KUX#©A;^jtrJt-^'fg©^jtt!t-C7=-^*ffi;^3l-a ^ ^ U <g:tl"ro ^ 
^,{^0 1 0©fi?i)'C<iiSfii{w/j:^/cii'&©x-^<!:^a ^©X4^^-* 
ffll^^/ctot;: Echo Clock ^ffll^TC^-So Echo Clock t\i Data ^g-m-T 

^ _ ^ 0 g J ^ ^ { r ,h o T 7= - g <t ^ *P ^ a y © © X + i - ^ 
DDR> Echo Clock ^ffit^^ SRAM OWl^^. 01© SRAM <»:^*fi«I{r 

{±l^l;T^»'So-fe>xT>:f©Sfe<k(t^(ii^^J 1 o}k(D^uy{7<otL 

*>±*<OJ^'yf (tSiJ 3) ^mWt\^X^^hni>o t>tsKf^J 2 <£-C 
n{rffil^Si:> ^?StS:iJint::A:^j©^D7^©7=^--r^jrt>-fe>'XT 
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CLKOUT (i SRAM Echo Clock (DlHtS'^ULX^^ . ^tl^'tKO 

•vf'Cl^mtTffls^^n^ (Data iiitl)o 

0 1 1 it±B mi 0 CD DDR SRAM ©s/fip^iiia-r-srp y ^m^m 

<S'^UA:t>0-C*»5o 0 2»C^L/ciiS0 SRAM om^tm^m^-Vh 
10 Bl. B2.B3(i Burst ControMt^A:*jSS^^^-ro d tl t>©<t^CDffi;^ 

#{i/<»y7r 111-11 3irA:^j$nSo 
BC 1 1 0{i/<-x h3> Ho-;Hpl]^<£.^-ro ^gI5*^ ^,S«tK<5-o 

KUX^^fi!t-r^©*<BC©^t6T^>^oEI 1 lTli^<-X h-T-ST 
KUXIl AOfci;C/ Al ©2 h-e^^/ci6{r^ 4o©T Kl/XJCT^ 

0 1 1 ®^^-C{i0 2 {CJt-«T. llii#{C'K©^^«JH?;l/^T^H?XU. 
20 ^<^{iit/c-r-^^iig|UT2|iiaj;^f^o ^1 1 © J: 9 {CftT<i©T 

K 1/ X AO LT-eti-e-n mux ^R^^tm. dor ©i^^ir t>iE#{r«itg 

Ell 2Ts ^^mm'^mmm (synchronous) DRAM iZMMLtzm^om 

mm^nmi-^oi^^i}^t^A:tj-^tLtz clk ©jiyf^fcji^j&UTAffi:^© 

25 ^-f ^ >^^*<^*^C: (tti SRAM ©Ji-g-il^i^TfeSo 

mmm dram (sdram) (i-^{c^$j[©/<>i5^;^jf oT:teOs cnt>© 
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mr^m-t\.>o<^m<h^o RAs ^^i)< m(DmM i ©^i:W)> 

CtLlw^^tT7- Km®T Kl/X (Address) *<A:tr$nSo?£oT7 

^^mo^^^m.m^>:^r>f (sa ai:fj) 

01 20^JTIi^i'Si5*-'^>® CAS 1 *^t>l!t^T3 ^t^T^^U 

gnA*$nTl^So::© CAS A:bJ:*9Mir sack fi^^i^±»/ti{i 

.0 ^•rniiii'^o 

01 2©^JT(i TKl/XA:*!^^*^-^ Data mt!i}<mM b<Di7Vy 

^^m^tLx^u^ti^o -rnct)-^. sack ^m< vr^^^ tfit^^ 

SA \iit!i)<M<^l^-r^^t.'i(0'^^<^Mf)<^O Data Hi:^t::ra«-'^ 

D- ^ ^ ;Htr^ ©K© Kl^ - 7 ^^i6 S ii@Nf K <i: ^ o 

nc^j. Word j^(i?klil©/<>^SII?<t^ (RAS Low ^^t:^ 
20 T3£t>W^^{^'^^-r^o f n£^^> Word *i©i-^wo^^ ^ >^ 

01 3r*ISBa*ffl<'^^^ SDRAM ©Ulf^i'^r ^ y/*/^1-o01 3 %0 
1 2©«'^<hl5{i'l^<iT*^;6^ ^/i:^©li-fe>XT>^©«1*^k^^ 

.ATTfe^o 'e©fcJ6. 01 2©^^J:^*>$'^J-«^''«f-^^^^^'^^^'- 
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S^E© SDRAM Tti.RAS CAS * TOA^J® P^Rild: minimum mm 

f£t>-^ RAS A:tJ*M^»a^iiiri^-('^;U^{r CAS ^A:^JLT^l^*^(!:W■9 

^ t>tlT*^t»■r-:5'^ttl:^J•r5tTOg®ltP^*<Ml^ SDRAM 

^ 1 4 {CftfeO^^d^^-ro ^ y^m-CUMi^ RAS ;6^t. CAS ST 

2.01 3 t>T^-fex•^^>r^;^lS:©/J^$o^ sdram t^^ffijlt 

So 

0 1 2s g 1 3. il 1 4©Ji'^{rii DLL IIF©^' D y ISi^tr J: ^T. 

14^{C J; ^M.%<D-^^ ^ tt^^M^ two M.^. 

ii^h^o L*^^>s :^mX'\t DLL . PLL mo^'J^Umii^ a y ^ m^^fS. 

mi Gizmo SDRAM (D^^ I >Vm=^^to COmit 2 O^S/<> 
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^m'fzm^^^^o-7-( ^u=iy\i:^-^^ii.-m:i PLL Tmm^ti 
xis^.-^(o^mo\t^vmm^nxK^^o:^mmrm\>^^ pll x-ii 

hit PLL *<ifiMI<i:/d:^>o 

PLL a^iA^/i•7>f ^on^t-i-rJ'trti^lgBS^+i-v 

;*:f|B^©1fe®^ifel^J«i:UT> □v^y^'l^it DRAM ^fiSB^-TS C <i:A<T 
©l&SIalK<i:*(cm«$n/c DRAM (C ^ - <i:*"*^^'^ 

15 fcSo 

20 01 7{i> SRAM (rfcltS^-y^^^l'T't' o ■^<y:?'+« 

i^Et;: 3^J©Affi:^^"?7 K©^J>6^W0. TFl/Xlt^> fiJlBim<t#® 
A:^J(ii{-^'C^®''^°y K^J*^t»x Echo Clock 

^0^-n\m^(J^^'^v K^J{rtiJ«)igoT*So Ctnrj:Ox-:J'©A:^ 

25 i^j: -3Ti/"^^o 

DLL. SMD ^©^D.y iJ^I^Ka^bHIKtiPSa®^-?-)' KO^-*® 2<aBlTC 
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ill 8{i, Register-Latch (R/L):^' 7"© >^ n -^XD R AM'v© 
5 R/L^^:/0•>>^D:^XDRAM<i:li. ^ ^ U (C^ff § A:^(i 

10 "C^>^o 

-lr>XT>y©S14>ftjt-^SACK(iS 1 ©Ji-^tti^/j:^)^ d y 

a^i^^j2©rBi©^rB^{cjti^jUT7- vm<Dmm<ti)^>^-t->xT>zr(Dm 

^ 1 9 {r Register-Through (R/T) ^-f:/©v'>^a:^x^*y'v©j5c: 

25 ^*<ffl:tuc{il/':;x:^^^7•y•?^^ffl^,^/j:c^^'r7"©>*•JT^)So 
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10 



20 



25 



^1 9{rEbnsJ:-9{c. -fe>xTy:^©r£tt^k«t-^<f^^^ SACK 

©X <t ^i: o Tfc 0 > ©rat-nj:ip-& a High ©itK*^^ 

< ysti(i. ^n{i#-.T7-. K3^iz:*>-t*^0*^'?> SACK ^-e©i^F5t®< 

Jiff. Bf^j3^«?PttT5z:t>Tif^»^. *|gBSJCi:n{ib-'y h^*> 
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^2 2{r:a<*^?>J^^-ro nSPA;^iSMD©ffi:^Ht^^{iffiifcgitl2 2 

1 ^CA;^JU^ ^®ai:^CJ;oXmE$tJS5ilMla]K2 2 0 T' SMD 

16 ^'n.y:J'lt#/S-5l^t-S::<!:7!)<T^So S2 1 iifc^f Si:^ delay b 

2 1 5 {r*j{t ;E,ii®i^PB^^d2-e{i/d:< X cnj; 0 t>Mt^B#F^(d2-d3){C 
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20 -To ?iieoTd(YCD)^d3{r*):b-ti:SC<»:;6<-e^nii. ^^^uyi^im 

C0|IMfi^J{rj;n(fx DLLO^^ffil^S:^■^tJt;^UT^ :J^D.y^A 

<!:l^9 5am*<^So ^/c. ^Uffi^Jtr J:n(f. SMD En^c J; ©tfc 
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Delay) SBOgltltoiiSltF^tis at© DLL0i5^TmfiKt:fc t^J^it'^ 

■r/x^^t>.7=^<'T x©i4tfeT^^ aft^©^ti©^ >xT y-frnm^. 
^^li. ^itJ^7'^iwx/<'i'x^tg*<^ji$nT^'en^-*n©r/<>fx 
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